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The electron microscope was used to study the ultrastructure of
the merozoites and the microgametocytes and macrogametocytes of Eimeria
brunetti. Special emphasis was given to the conoid, toxonemes, inner
and outer membranes, paired organelle, polysaccharide granules, dark
bodies, 'wall-forming* bodies, and the formation of flagella in the
microgametocytes.
The electron micrographs revealed that the merozoites were fusi¬
form in shape, surrounded by an inner and outer membrane. They were
found throughout the small intestine. The anterior part was composed
of an anterior vesicle, conoid, paired organelle, median rod, toxonemes,
and protein bodies. The nucleus was located posteriorly and it con¬
tained osmiophilic agglomerations.
The micro- and macrogametocytes were located within large para-
sitophorous vacuoles in the lower part of the small intestine. The
microgametocytes contained flagella, flagellar components, rough
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endoplasmic reticulum, mitochondria, ribosomes, osmiophilic agglomera¬
tions, and numerous vesicles in the cytoplasm.
The macrogametocytes were composed of polysaccharide granules,
dark bodies, each surrounded by a rough endoplasmic reticulum, and
'wall-forming' bodies cotiposed of sinple spirals. The membrane which
surrounded the macrogametocytes was well-defined and clearly separated
from'the host cell membrane.
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1. An electron micrograph of second-generation schizont
showing longitudinal and cross-sections of merozoites,
pellicle, outer membrane, inner membrane, nucleus,
and toxonemes
2. An electron micrograph of a longitudinal section of
the anterior part of a merozoite showing anterior
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median rod, paired organelle, inner membrane, nucleus,
and outer membrane
3. An electron micrograph of longitudinal and cross-
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paired organelle, free ribosomes, median rod, endo¬
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the membrane surrounding the merozoites
4. An electron micrograph of the anterior and posterior
ends of merozoites showing conoid, mitochondria,
rough endoplasmic reticulum, nucleus, free ribosomes,
paired organelles, and micropyle
5. An electron micrograph of a young nucleated micro-
gametocyte showing mitochondria, osmiophilic agglomera¬
tion in the nucleus, rough endoplasmic reticulum, and
vesicles
6. An electron micrograph of a microgametocyte showing
mitochondria, flagella, nuclei, and cross-sections
of flagella
7. An electron micrograph showing formation of micro¬
gametes, immature microgametes, free ribosomes,
flagella, and cross-sections of flagella
8. An electron micrograph of the cross-section of
flagella with 9+2 pattern of microtubules
9. An electron micrograph showing comma-shaped micro¬
gametes, mitochondria, and cross-sections of flagella . .10.An electron micrograph of a mature macrogametocyte
lying within a parasitophorous vacuole showing dark












reticulum, and free ribosomes 30
11. An electron micrograph of a macrogamete showing
membrane of parasite, polysaccharide granules,
rough endoplasmic reticulum, dark bodies, 'wall¬
forming' bodies, vesicles in the host cell
cytoplasm 31
12. An electron micrograph ofita macrogamete showing
polysaccharide granules, membrane of parasite,
vesicles in the host cell cytoplasm, 'wall-forming'
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Eimeria brunetti has been found to be a mild pathogenic intracellu¬
lar parasite belonging to the coccidial group of protozoans which in¬
fects the mucosa of the upper, middle, and the lower half of the small
intestine, rectum, and cloaca. It was first discovered in several
groups of chickens which were kept on the laboratory grounds in a
Poultry Disease Laboratory in Ithaca, New York in 1941; identified and
named in honor of Dr. E. L. Brunett, who had been in charge of this
laboratory since it was first established, and described by P. P.
Levine in 1942. Later in 1942, Jenet Boles and Elery Becker described
the development of E. brunetti in the digestive tract of chickens by
light microscopy and gave this parasite the name as Eimeria brunetti
Levine.
E. brunetti, when ingested by chickens, in the form of sporulated
oocysts undergoes three schizonic and sporogonic stages of development.
Early in the schizonic phase of the life cycle, sporozoites develop
within the sporocysts that are released from the oocysts and subse¬
quently give rise to two to three generations of merozoites. During the
sporogonic stage, merozoites develop into microgametocytes and macro-
gametocytes which form gametes. The micro- and macrogametes later unify
to form zygotes which become oocysts after the formation of two cyst
walls around themselves.
In addition to the detailed studies of the morphological and
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pathological features of E. brunetti by Levine (1942), Boles and
Becker (1954), and Brackett and Bliznick (1952), did a conparative
developmental and pathological study of Eimeria brunetti and certain
other avian species- Since these discoveries, other scientists through
experimentations, have obtained a wealth of knowledge as to the biology,
morphology, and pathogenicity of several species of Eimeria- Many
limitations regarding the structure of these organisms because of their
small size and their intracellular nature continued to exist.
Recently, Andreassen and Behne (1968), Cheissin (1965), Garnham
and Bird (1962), Hammond et al. (1969), and McLaren (1969) have supplied
new information concerning the ultrastructure of species of the genus
Eimeria in other organisms.
After an extensive search of the literature, contributions relative
to the fine structure of the merozoites and the micro- and macrogameto-
cytes of E. brunetti were not available.
The present study was undertaken with the hope of extending know¬
ledge concerning the ultra structure of the merozoites and the gameto-
cytes of the schizonic and sporogonic stages of Eimeria and their




Studies by Sheffield and Hammond (1966) reported that in the first
generation of merozoites of E. bovis the fusiform merozoites were en¬
closed by a membrane, and that another membrane underlying the cell
membrane enclosed the cytoplasm except at the anterior end of the
merozoite where this inner membrane terminated forming the polar ring.
Approximately 22 subpellicular fibrils extended posteriorly from the
polar ring. A conoid consisting of one or more fibrils wound in a
tight helix was situated within the polar ring. Hammond et al. (1965)
found evidence in stained specimens of E. bovis that the position and
number of fibrils suggested that they may be subpellicular fibrils.
The supposedly contractile fibrils described by Mossevitch and Cheissin
(1961) in the merozoites of E. intestinalis conformed more closely to
the tortuous structures than to subpellicular fibrils in E. intestinal¬
is. In a more recent paper, Cheissin and Snigireskaya (1965) reported
that subpellicular fibrils in E. intestinalis numbered from 24 to 30
and were attached anteriorly to the conoid. In contrast, 22 fibrils
have been seen consistently in E. bovis and they seemed to be related
to the polar rather than to the conoid. In E. perforans and E. stiedae,
Scholtyseck et al. (1965) found 24 longitudinal subpellicular fibrils,
originating on the inner side of the inner cell membrane near the




The paired organelle of E. bovis merozoites was relatively well
developed and extended posteriorly through the conoid from the anterior
end. Each member of the paired organelle was club-shaped having a
narrow neck within the conoid region and a wider posterior portion. A
median rod paralleled the neck of the paired organelle. The morphology
of this structure provided some support for^the hypothesis that it had
a glandular function and that it secreted a fluid to assist in penetra¬
tion of a new host cell (Garnham et al., I960}.
Sheffield and Hammond (1966) postulated that the region of the mero¬
zoites between the conoid and the ovoid glycogen bodies was tightly
packed with many tortuous structures which have indistinct borders.
Numerous ribosomes as well as one or two mitochondria were scattered
among these structures. A dense-membrane enclosed body, possibly a
lysosome was occasionally seen near the mitochondria. In some speci¬
mens a punctuate invagination of the cell surface was seen near the
level of the Golgi apparatus. Several cisternae of rough-surfaced
endoplasmic reticulum were found both anterior and posterior to the
nucleus. The merozoites lay free in a vacuole of the host cell. The
outer surface of the host cell had numerous microvilli and a fine
fibrous layer existed in the host cell cytoplasm surrounding the vacuole.
Sheffield (1967), in a study on the same parasite, reported similar
results and the author also stated that the schizont cytoplasm was
subdivided into many lobes or spheroided blastophores; their peripheries
being lined by the many nuclei resulting from repeated divisions. The
beginning of merozoites production was characterized by the formation
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of a complex of structures which later comprised the anterior end of the
merozoites. In a later stage of development, the merozoites were com¬
pletely formed except for an attachment of their posterior ends to the
remains of the blastopore. The attachment, when broken, resulted in
free merozoites and residual bodies.
According to Colley (1968), the merozoite of E. nieschulze thick¬
ened at the anterior end to form a polar ring. Radiating posteriorly
from the ring, directly beneath the pellicle, were about 25 microtubules.
Within the ring was a dense conoid. Extending posteriorly from within
the conoid was a paired organelle which varies in size and shape in each
generation of merozoites. Elongated mitochondria and glycogen granules
were present. The vacuole surrounding mature merozoites contained re¬
sidual cytoplasm of the schizont and some granular material.
Studies done by Senaud and Cerna (1969) revealed that the outer
layer of merozoites of E. magna and E. tenella was formed by a unit mem¬
brane lined by a dense osmiophilic layer. A micropyle was present. The
apical complex of the cell was constituted by a conoid, surmounted by
two rings fibrils.
Andreassen and Behne (1968), in their studies of the coccidian,
Eimeria miyairii, stated that the merozoites were banana-shaped and had
an inner, thicker membrane composed of 2 layers. Twenty-six evenly
spaced microtubules were oriented longitudinally just beneath the inner
membrane. The nucleus located posteriorly, showed an anterior depression
facing the Golgi conplex. The merozoites contained three different kinds
of granules: the rod-shaped granule, the ovoid granule, and dense granule.
An invagination of the plasma membrane at the middle of the merozoite was
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considered to be a cytostome. The residual body of the schizont had no
inner membrane and no microtubules.
Chobotar and Hammond (1969) reported that in the first-generation
schizonts of E. auburnensis approaching maturity, merozoites were formed
by budding from walls of the invaginations of the nuclear layer and the
merozoites were randomly distributed throughout the space occupied by
the schizont, including the parasitophorous vacuole. These schizonts
contained thousands of merozoites. The first-generation merozoites had
many granules of glycogen in the middle two-thirds of their bodies.
Crescent-shaped bodies of unknown function were associated with 5-day
sporozoites and 5- and 6-day schizonts.
According to Boles and Becker (1954), eight valid species of
coccidia of .the genus Eimeria are known to occur in chickens. They were;
E. tenella, described by Railliet and Lucet; E. mitis, E. acervulina,
and E. maxima by Tyzzer; E. necatrix, E. praecox, and E. brunetti by
Levine. Since the work of Boles and Becker (1954), Becker, Edgar, and
Seibold (1964) have discovered a new species, E. mivati, that occurs in
chickens.
Boles and Becker (1954) also did asstudy on the comparison of
Eimeriae in chickens and they revealed that E. tenella developed primar¬
ily in the dilated portion of the caeca, but may be found invthe lower
small intestine or rectum. The first-generation of schizonts were found
in the epithelium of the cecal glands, and the larger second-generation
schizonts were subepithelial and contained large merozoites. The asexual
stages of E. tenella could not be mistaken for those of E. brunetti be¬
cause the latter does not form colonies in the asexual stages.
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Eimeria necatrix has a development very similar to E. tenella except
that the asexual stages occur in the small intestine, and the sexual
stages in the caecum. It also developed in the gland epithelium and
formed colonies. E. acervulina can be separated from E. brunetti in the
tissues by the fact that it developed superficially in the epithelium
above the cell nuclei. It is found in the upper small intestine and
occasionally scattered in the lower small intestine, but rarely in the
tubular portion of the caeca. Only one generation was observed by
Tyzzer (1929), and the schizonts of this generation had 16-32 merozoites,
and appeared on the third day. E. praecox developed in the upper third
of the small intestine, and was confined to the epithelial cells of the
villi, where a large proportion of the schizonts developed below the
nuclei and was never found in the glands. It did not form colonies like
E. tenella and E. necatrix. Generation I schizonts were similar to E.
brunetti in that they developed along the sides of the villi, and when
mature, they were not as large as the first generation schizonts of E. ‘
brunetti. E. mitis developed throughout the small intestine and in the
tubular portion of the caeca, but was most concentrated in the upper
half of the small intestine. Tyzzer (1929) found only one generation of
schizonts with 6 to 24 merozoites and that these forms were found below
the nuclei of the epithelial cells of the villi and occasionally in
intestinal glands. The oocysts were much smaller than E. brunetti.
Tyzzer, Theiler, and Jones (1932) and Tyzzer (1929) found that E.
maxima developed throughout the entire length of the small intestine,
but mostly in the middle. They also observed that this species produced
small schizonts in small numbers that were superficial to the nucleus.
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The sexual stages were found to be pathogenic rather than the asexual
stages. The large macrogametocytes and microgametocytes developed deep
in the epithelium. Tyzzer (1929) stated that the microgametocytes had
a characteristic multicentric arrangement and were larger than macrogame¬
tocytes or oocysts. Boles and Becker (1954) observed that E. brunetti
microgametocytes also have a multicentric arrangement and were larger
than macrogametocytes or oocysts. These investigators further stated
that large microgametocytes can no longer be considered a distinguishing
characteristic for E. maxima.
Levine (1942) and Boles and Becker (1954) stated that E. brunetti
was an intercellular parasite which parasitized the epithelium of the
villi at points in contact or close to the basement membrane. The first-
generation of merozoites were large (30|ji x 20p,), contained about 200
merozoites and were found in the epithelium of the whole intestine. The
second-generation schizonts were smaller (29.6p, x 16.2|i), contained 50
to 60 merozoites, and were found in the tips of the villi.
Raven (1967), in her study of the second-generation merozoites of
E. tenella, reported that the merozoites were fusiform-shaped and were
enclosed in a cell membrane. There, was a discontinuity of the membrane
made by a micropyle in the vicinity of the nucleus. Golgi apparatus
lay near the nucleus. The polar ring was situated anteriorly in a cone¬
like body called the apical cone. Paired organelles and convoluted
tubules were also visible. Numerous mitochondria were scattered in many
views of the parasite. Dense and semi-dense membrane enclosed bodies,
possibly protein, were occasionally found near the mitochondria. Cross-
section of the mitochondria revealed tubular cristae situated in a dense
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matrix. Numerous free ribosomes and ribosomes attached to rough-surfaced
endoplasmic reticulum surrounded these sections.
Scholtyseck and Hammond (1962) studied the fine structure of the
stages of development of E. perforans, a non-pathogenic species which was
found in the bile ducts of rabbits. Micro- and macrogametocytes found
within the large vacuoles of the host cells were very similar in struc¬
ture. The surface of the gametocytes was not plain and granular as
previously observed in light microscopy by Tyzzer (1929) but possessed
small villi-like protrusions. He also found that protrusions originated
from osmiophilic masses lying beneath the cell membrane of only micro-
gametocytes. Later Scholtyseck, Hammond, and Ernst (1966) observed that
microtubules originating from the osmiophilic masses made direct con¬
nections with the-host cells.
Scholtyseck, Hammond, and Ernst (1966) and Hammond, Scholtyseck, and
Miner (1967) found that the cell surface of the gametocyte was bounded by
a normal unit surface membrane and that it had osmiophilic masses lying
underneath in several places. The striated microtubules of the macro¬
gametocytes were observed to have originated from these masses. The cy¬
toplasmic matrix was dense and finely granulated, a feature that clearly
distinguished the gametocytes from the cytoplasm of the host cells. The
endoplasmic reticulum appeared as vesicles in' the older stages. Large
bladders in which large 'wall-forming' bodies developed arose from the
macrogametocytes. These bodies provided material used in the formation
of the oocyst wall. Dark bodies, o-ther organelles used in the formation
of the oocyst wall, were located in the cytoplasm.
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Numerous mitochondria appeared as large dumb-bell shaped structures
with internal tubules. Lipoid inclusions were scattered in the cyto¬
plasm; however, in the macrogametocytes the inclusions were partially
encircled by canaliculi of the endoplasmic reticulum. Some large and
small vacuoles were observed in the microgametocytes. Some had promi¬
nent delimiting membranes that had direct relationship to the other
organelles of the microgametocytes. The large nucleus, was surrounded
by a porous nuclear membrane. Several spherical broad ellipsoidal
nuclei were located near the peripheral layer of the garaetocyte.
Scholtyseck, Hammond, and Ernst (1966), in their studies of E.
stledae, found that the macrogametocytes differed very little in
structure from those of E. perforans. 'Wall-forming' bodies were some¬
what more compact in appearance as compared to the relatively loosely-
built structures of E. perforans. The most striking difference between
the two was the lack of microtubules at the surface of the macrogameto¬
cytes in E. stiedae. Micropores in the cell membrane were observed to
have been 100 A. ' in diameter, and this size had not been found in
macrogametocytes of any other species.
Hammond, Scholtyseck, and Miner (1967) found that the most
striking difference in structure of the microgametocytes of E. stiedae
and E. perforans was that the microgametocytes of E. stiedae contained
a large mitochondrion in the perinuclear space. Though not evidenced
by experimentation, they asserted after finding the mitochondrion fre¬
quently in the perinuclear space that it became incorporated into the
microgametes.
Scholtyseck, Hammond, and Ernst (1966) made a comparison of the
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ultrastructure of E. auburnensis and E. bovls and reported that they
were similar in structure. The electron dense pale granules were close¬
ly spaced and joined at their margins with one or more adjacent gran¬
ules. Groups of irregularly arranged microtubulesj cup-shaped micro¬
pores, and U-shaped invaginations were observed at the surface of the
macrogametocyte. Hammond, Scholtyseck, and Chobotar (1969) reported
that pinocytosis occurred at the invaginations.
Davis and Bowan (1962) and Hammond, Scholtyseck and Chobotar (1969)
found that the microgametocytes of E. perforans, E. stiedae, E. bovis,
and E. auburnensis revealed that in each species except E. auburnensis,
the nuclei assumed a peripheral position after conpletion of the nuclear
multiplication. Numerous mitochondria were present in the vicinity of
the nuclei. Usually, glycogen granules and thick-walled inclusions,
possibly representing lysosomes, were also present in the cytoplasm, and
the endoplasmic reticulum was well developed. In the giant microgameto¬
cytes of E. auburnensis, the nuclei did not become peripherally located.
Instead, the protoplasm was subdivided into numerous•small masses by the
development of a network of spaces connected with the vacuole surround¬
ing the parasite. Along the boundary between the microgametocyte and
the host cell, outward processes of the*parasite alternated with inward
processes of the host cell. In each of the later processes a mitochon¬
drion frequently showed degeneration of the cristae.
Srivastava (1969) reported that early gametogonous stages of E.
labbeana could be identified on the basis of chromatin distribution in
microgametocytes and macrogametocytes and that during microgametogony
chromatin changed from a semicular shape to condensed blocks and then
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into microgametes. The nucleus of the microgamete was an elongated oval
area and contained deeply stained karysomes. Globule formation in the
macrogametocyte was suspected from the transformation of mitochondria.
At the time of fertilization, macrogamete secreted an oval membrane in
which microgametes were entangled. The oocysts walls were formed by the
migration of large and small globules to the! limiting membrane of the
zygote.
Snigirevskaya (1969) reported on the nuclear division in microgame-
togenesis in E. magna and E. intestinalis. She observed a mitotic
spindle in dividing nuclei with the fibers attached to the nuclear mem¬
brane, and a centriole adjacent to each of the poles. Hammond, Scholty-
seck, and Chobotar (1969) observed in the microgametocytes of E. auburn-
ensis some elongated nuclei apparently in an early stage of division
which had an intranuclear fiber apparatus.
McLaren (1969) revealed that in E. tenella early in microgameto-
gony, the nucleus of the microgametocyte divided repeatedly to produce
a number of smaller nuclei which migrated peripherally in the cell. The
chromatin aggregated into the peripheral part of each nucleus, which
then elongated to form the nucleus of the microgamete. That part of the
gametocytes nucleus which was devoided of chromatin, probably gave rise
to the perforatorium and three flagella of the gamete. Residual
material was left in the gametocyte cytoplasm in the form of a gameto-
genic cyst. Wall-forming bodies were present in the earliest macro¬
gametocyte and dark bodies were developed later.
McLaren also stated that the oocyst wall of E. tenella was trilami-
nated and that the limiting membrane of the zygote separated from the
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cell to become the outermost membrane of the cyst wall. The middle layer
of the cyst wall developed from dark bodies and the 'wall-forming’ bodies
gave rise to the inner layer of the oocyst wall.
According to Senaud and Cerna (1970), in their studies of the ultra¬
structure of microgametes of E. pragensis, micropores were present on the
surfaces of both microgamonte and microgametocyte. Macrogametogenesis
started with numerous nuclear division.
Barker and Remmber (1972) reported in studies of E. leuckari in
ponies, that in some microgametocytes the nuclei were arranged peripher¬
ally around spherical cytoplasmic masses. Mature microgametocytes
occasionally contained dark basophilic bodies scattered among their
microgametes. Microgametes were motile, with unequal trailing anterior
flagella. Eosinophilic crescent-shaped bodies of unknown origin were
found in the parasitophorous vacuoles of the gametocytes of both sexes.
Among those who have investigated the fine structure of rabbit coc-
cidia were Scholtyseck and Hammond (1962),Scholtyseck et al. (1966),
Hammond et al. (1967), and Cheissin (1965). Cheissin did a study on E.
maqna and E. intestinalis and observed that in the first period of game-
togenesis growth of the gametocyte and multiplication of its nuclei
occurred. When the nuclei of the gametocyte shifted from their central
position to the periphery, formation of the basal body anlagen of flagella
of the microgametes was observed. They arose near the nucleus under the
membrane of the gametocyte in the form of nine short tubules, oriented
vertically to the surface of the gametocyte. Protuberances and buds
appeared and they represented the rudiments of flagella. The tubular
fibrils penetrated from the basal corpuscles into their inside. Toward
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the conclusion of the first growth period of the gametocyte, on its
surface a multitude of short flagella were present with typical 9+2
pattern. Fibrillar elements of the basal corpuscle arose ^ novo, and
later on the organization phase flagellum itself was formed. In the
second period of gametogenesis, displacement of the "big” mitochondrion
into the proximal part of the gamete was seen. Growing flagella adhered
to the body of the gamete.
Lowery (1968) revealed in her study of E. tenella that micro- and
macrogametocytes were observed in large vacuoles of the host epithelial
cell. The surface of the gametocytes was bounded by a normal unit mem¬
brane that had osmiophilic masses lying underneath in several places.
The macrogametocytes contained a well-developed endoplasmic reticulum,
glycogen granules, and lipoid bodies. 'Wall-forming' bodies and dark
bodies were found in early stages of development, electron dense
nuclear material was found in the center of the nucleus and near the
membrane of the nucleus.
Seliverstova (1969) reported that in E. tenella some non-function¬
ing cytostomes and thin short microtubules were seen in the macrogamete
and these structures did not connect the parasite body with the host
cell cytoplasm. During the growth of macrogamete, membranes constitut¬
ing the walls of the microtubules may contribute to the formation of
the second membrane which occurred only in mature macrogametes.
Lee and Millard (1971) postulated that in E. acervulina, 'wall-
forming' bodies were formed in cristernae of the granular endoplasmic
reticulum in association with Golgi complexes. The developing oocyst
was shown to be enclosed by three membranes: the outermost was the
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original membrane which appeared when the 'wall-forming' bodies were
appearing in the cytoplasm of the macrogametocyte and the innermost
membrane appeared after fertilization. The 'wall-forming' bodies dis
charged their contents between the innermost membrane and the middle
membrane.
Boles and Becker (1954) revealed that in E. brunetti large micro
and macrogametocytes, measuring 25.2ji x 22.2{i, contained plastic




White rock chickens of both sexes were used as the hosts for
coccidian parasites in all experiments of this investigation. The
chickens were housed in clean wire mesh cages with removable floors,
and maintained on a ration of common commercial growing mash. In order
to determine that the cockerels were free from extraenous coccidial in¬
fection, frequent fecal examinations were performed prior to the ex¬
periments.
Five days after inoculation, the chickens were sacrificed, and
their small intestines were removed and opened longitudinally. The
contents were crushed and placed in petrl dishes which contained a 2.5%
potassium dichromate solution. The petri dishes were partially covered
and allowed to stand at room tenperature for 3-4 consecutive days.
Periodic microscopic examinations were made to determine the degree of
sporulation of the oocysts. After sporulation, the oocysts were cen¬
trifuged about 4-7 min*.- in order to remove the potassium dichromate
and suspended in a small volume of distilled water.
One and two week old chickens were infected with approximately one
million sporulated oocysts of Eimeria brunetti and pieces of epithelial
tissue were removed.
Sections of the epithelial cells were taken from the upper, middle,
and lower portions of the intestine. These sections were cut into
pieces of about 2mm and placed in tubes containing ^ glutaraldehyde
made up in phosphate buffer of pH 7.4 for 2-4 hours; rinsed in two to
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three changes of phosphate buffer. The sections were then placed in
phosphate buffer containing sucrose for 24 hours; post-fixed in 1%
osmium tetroxide over periods of 1-24 hours and rinsed in several
changes of phosphate buffer.
After fixation, all specimens were dehydrated in successive changes
of 5056, 70^, 805^, 95^, and lOQ^ ethyl alcohol and in propylene oxide for
20 minutes. Following dehydration, the specimens were placed in a mix¬
ture of one part epoxy resin-two parts propylene oxide for one hour, and
then transferred to capsules containing 100^ epoxy resin. The epoxy
resin used was the epon-araldite mixture prepared according to the
method of Mollenhauer (1964). Thin sections were prepared with both
diamond and glass knives on an LKB Ultrotome and mounted on uncoated
300 mesh copper grids. They were then stained with uranyl acetate and
lead citrate as described by Venable and Coggeshall (1965). The stained
specimens on grids were observed on a Philip's 100c electron microscope
and photographed on 35 mm fine grain positive film at magnifications
ranging from 10,448X to 43,291X. The electron micrographs were enlarged
from 5 to 15 times and printed on F-5 Kodabromide paper.
CHAPTER IV
OBSERVATIONS
Figure 1 shows the second-generation merozoites of Eimeria brunetti
located in the vacuole of the host cell. The merozoites are located in¬
side a schizont which is surrounded by a membrane of average thickness.
A flattened nucleus which contains osmiophilic granular structures,
which, according to Cheissin (1965) represent chromatin or they may
represent nucleoli (Chamber and Renyi, 1925), is attached to the schizont.
The vacuolar membrane of the host has many vesicles which are very numer¬
ous in some areas and scarce in others. The merozoites are surrounded by
a pellicle which is composed of two membranes: the outer membrane - the
plasma membrane, and the inner membrane.
Figure 2 is a highly magnified longitudinal section of the anterior
part of a merozoite. It shows an anterior vesicle at the tip of the
merozoite, conoid, and paired organelle which originated as thin threads
and runs as homogeneous, slightly curved structures from the center of
the conoid back to the nucleus. Outer and inner membranes and toxonemes
are also present.
Figure 3 shows conoid, toxonemes, paired organelle, free ribosomes,
and rough endoplasmic reticulum. A median rod extends from the anterior
end and it is median to and parallel with the necks of the paired organ¬
elle. These structures are separated by a small space from the anterior
limiting membrane. Round protein bodies are found near the nucleus and
numerous vesicles can be seen in the membrane surrounding the merozoites.
Figure 4 shows the anterior and posterior ends of merozoites. The
18
19
Fig. 1. An electron micrograph of second-generation schizont
showing longitudinal and cross-sections of (m),
merozoites; (P), pellicle; (OM), outer membrane;
(IM), inner membrane; (N), nucleus; and (T),
toxoneraes. The schizont is attached to a flattened
nucleus (N) containing (OA), osmiophilic agglomera¬
tions, and (V) vesicles lying in the membrane
surrounding the merozoites. XI6411.
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Fig. 2. An electron micrograph of a longitudinal section of the
anterior part of a merozoite showing (AV), anterior
vesicle; (PG), polysaccharide granules; (C), conoid;
(T), toxonemes; (MR), median rod; (PO), paired organelle;
(IM), inner membrane; (N), nucleus; and (OM), outer
membrane. X19834.
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Fig. 3. An electron micrograph of longitudinal and cross-sections
of merozoites showing (C), conoid; (T), toxonemes; (PO),
paired organelle; (FR), free ribosomes; (MR), median rod;
(ER), endoplasmic reticulum; (PB), protein bodies; and
(V), vesicles in the membrane surrounding the merozoites.
X43291.
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Fig. 4. An electron micrograph of the anterior and posterior
ends of merozoites showing (C), conoid; (Mi), mitochon¬
dria; (ER), rough endoplasmic reticulum; (N), nucleus;
(FR), free ribosomes; (PO), paired organelle; and (Mp),
micropyle. X19270.
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anterior end is somewhat tapered and the posterior end somewhat round.
Ovoid mitochondria with cristae which are tubular type are present.
The mitochondria occur mostly near the nucleus which extends over half
of the entire length of the merozoite. The nucleus is surrounded by a
double nuclear membrane which is characteristic of protozoan nuclei.
A small opening termed a micropyle (Cheissin and Snigirevskaya, 1965
and Sheffield and Hammond, 1966) is located near the middle of the
merozoite. Paired organelle, conoid, rough endoplasmic reticulum, and
numerous ribosomes are also seen.
In Figure 5 a nucleated microgametocyte is shown. The cytoplasm
contains mitochondria with short internal tubules, rough endoplasmic
reticulum, vacuoles, and osmiophilic agglomerations.
Figure 6 is a highly magnified electron micrograph of microgame¬
tocyte. This figure shows nuclei with flagella (cross and longitudinal
sections) and mitochondria attached. Numerous vesicles are also seen
in the membrane of the parasite.
Figure 7 is a high magnification of the formation of microgametes.
The nuclei have moved to the periphery of the microgametocyte and are
developing into longitudinal and cross-sections of flagella which are
disposed on the surface of the gametocyte prior to the formation of
gametes. The flagella are quite long, thick and round. Immature
microgametes and ribosomes are also shown.
Figure 8 shows cross-sections of flagella with 9+2 pattern of
microtubules.
Figure 9 shows numerous comma-shaped microgametes which developed
from several nuclear divisions. Immature microgametes, small
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Fig. 5. An electron micrograph of a young nucleated microgameto-
cyte showing (Mi), mitochondria; (OA), osmiophilic
agglomeration in the nucleus; (ER), rough endoplasmic
reticulum; and (V), vesicles. X19270.
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Fig. 6. An electron micrograph of a microgametocyte showing (Mi),
mitochondria; (FI), flagella; (N), nuclei; and cross-sections
of (F1), flagella. The mitochondria and flagella appear to
be located close to the nuclei. X16411.
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Fig. 7. An electron micrograph showing formation of microgametes,
(Mg), immature microgametesj (FR), free ribosomes; (FI),
flagella; and cross-sections of (Fl), flagella. X18136.
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Fig. 8. An electron micrograph of the cross-section of
flagella (FI) with 9+2 pattern of microtubules.
X30400
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Fig. 9. An electron micrograph showing comma-shaped (Mg),
microgametes; (Mi), mitochondria; and cross-
sections of (FI), flagella. X17340.
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mitochondria, and flagella are also shown.
In Figure 10, an ovoid-shaped mature macrogametocyte is shown lying
within a parasitophorous vacuole. Numerous dark bodies are present
and some are at the periphery of the macrogametocyte. Each dark body
is surrounded by an endoplasmic reticulum. Numerous polysaccharide
granules and ribosomes are also shown.
Figure 11 is a low magnification of a macrogamete. The dark
bodies have decreased in number and they seem to be disappearing.
Numerous 'wall-forming' bodies conposed of simple spirals are present.
They are absent in Figure 10. The 'wall-forming' bodies lie within
internal cavities, possibly formed from the endoplasmic reticulum,
whereas the dark bodies lie free in the cytoplasm as shown in Figure
10. The membrane of the parasite is smooth and clearly separated from
the host cell membrane. Numerous vesicles are scattered in the host
cell membrane.
Figure 12 is an electron micrograph of a macrogamete. The poly¬
saccharide granules are still numerous and they appear to be moving
toward the periphery of the membrane of the parasite. The 'wall¬
forming' bodies appear to be concentrated toward the membrane of the
parasite, and their sinple spirals are more conspicuously shown. Some
appear as very faint masses. Only small, masses of the dark bodies are
shown.
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Fig. 10. An electron micrograph of a mature macrogametocyte lying
within a (PV)} parasitophorous vacuole, showing (DB),
dark bodies; (PG), polysaccharide granules; (ER), rough
endoplasmic reticulum; and (FR), free ribosomes.
X19952.
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Fig. 11. An electron micrograph of a macrogamete showing (MP)j
membrane of parasite; (PG), polysaccharide granules;
(ER)> rough endoplasmic reticulum; (DB), dark bodies;
(WB), ’wall-forming' bodies; and (V), vesicles in the
host cell cytoplasm. XI4788.
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Fig. 12. An electron micrograph of a macrogamete showing (PG),
polysaccharide granules; (MP), membrane of parasite;
(V), vesicles in the host cell cytoplasm; (WB),




The second-generation merozoites of Eimeria brunetti are fusiform
in shape and surrounded by a pellicle composed of two membranes; the
outer membrane - the plasma membrane, and the inner membrane.
Andreassen and Behne (1968) found that the outer membrane is a three¬
layered membrane with scanty amounts of amorphous material coating its
surface, and that the inner membrane is separated from the outer by an
interspace which consists of a continuous layer of medium density.
Cheissin and Snigirevskaya (1965) and Scholtyseck et al. (1965) thought
that the thicker, inner membrane is a single three-layered membrane, while
Sheffield and Hammond (1966) could not distinguish it as .a three-layered
membrane.
At the anterior end of the merozoites, just under the pellicle, is an
apical cone which bears a striking resemblance to the conoid first des-
ctibed in Toxoplasma (Ludvik, 1958), and therefore termed a conoid.
Cheissin and Snigirevskaya (1965) found that the conoid and apical cap
represent structures which facilitate the penetration of the host cell.
Garnham and Bird (1963) suggested that the conoid is a supporting struc¬
ture, while Ludvik (1958) suggested that it is a perforator which is used
for penetration into the host cell. Many protozoan parasites have not
yet been studied in detail by electron microscopy, while others have been
studied that revealed no such structure.
Andreassen and Behne (1968) found that paired organelles originate
inside the conoid as thin threads and run as homogeneous, slightly
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curved structures through the cytoplasm, increasing in diameter, but
they are called toxonemes if there are more than two as in Toxoplasma.
Structures similar to the rod-shaped granules found in the anterior
part of Eimeria miyairi merozoites are also found in Eimeria brunetti.
These structures extend from the anterior end to the middle part of the
merozoites. They have been called "convoluted tubules" by Garnham and
Bird (1962); "Cytoplasmastrange" and "toxonemes" in Eimeria by Scholty-
seck et al. (1965); and "rhoptries" by Sampson and Hammond (1972).
Toxonemes have been suggested to be secretory by Ludvik (1958); con¬
tractile by Mossevitch and Cheissin (1961); and elastic by Cheissin and
Snigirevskaya (1965). Apparently their function is not known; it remains
an open question whether the structures in fact are "convoluted tubules"
or rod-shaped granules as postulated in Eimeria.
Most investigators assume that the toxonemes or paired organelle
secrete a proteolytic product that enable the parasite to penetrate the
host cell.
The anterior end of the median rod-shaped body and the paired
organelle are separated by a small space from the anterior limiting
membrane. Sheffield and Hammond (1966) found that frequently a vesicle
with a diameter of about O.OVp, occupies this space, suggesting the
possibility that the paired organelle produces a secretion.
Some structures of the parasite reveal a small opening in the cell
membrane. This opening is termed the micropyle. Similar structures to
the micropyle are found in the merozoites of E. bovis and E. intestinalis
(Cheissin and Snigirevskaya, 1965; Sheffield and Hammond, 1966). In the
merozoites of E. tenella (Raven, 1967) and in E. brunetti. this structure
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is localized near the middle part of the body across from the nucleus.
Aikawa et al. (1966) have shown that a structure similar to the micro-
pyle, which they called a cytostome, and found in the trophozoites and
merozoites of Plasmodium-species, is a cell mouth through which host
cell cytoplasm is taken.
The microgametocytes of Eimeria brunetti are larger than the macro-
gametocytes and they are found within parasitophorous vacuoles in the
lower part of the small intestine. Levine (1942) and Boles and Becker
(1954) made similar observations using light and phase contrast micros¬
copy. Microgametocytes are formed from merozoites which enter the cell
and round up, but it is impossible to tell whether they are the pre¬
cursors of gametocytes or macrogametocytes until nucleus or nuclei
divide.
Chelssin (1965) found evidence of two phases of microgametogenesis
in E. maqna and E. intestinalist period of growth of gametocyte and
multiplication of its nuclei, and differentiation period of microgametes.
In the former phase, an intense synthesis of protein occurs. This is
characterized by the formation of fibrillar components of the base of
the flagella, and the dimensions of gametocyte increase. In the period
of differentiation and of growth of the microgametes, all their
structural elements which have arisen in the microgametocyte coordinate
and assume their final position. The major part of the microgametocyte
cytoplasm is not consumed for the formation of gametes and is wasted
away as a residual body. It is comprised of a considerable amount of
glycogen and RNA (Cheissin, 1965).
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Nevertheless, a question arises whether the fibrillar components of
the kinetic apparatus of the microgamete arise ^ novo or do they have
some structural predecessors in the preceding stages.
*
In coccidia only microgametes have flagella. No other motile stages
of development is endowed with a kinetic apparatus. Besides, in the
merozoites and sporozoites not only flagella are absent but' they fail to
have basal bodies and their homologues - centrioles. These structures
were not found after a detailed analysis of merozoites and sporozoites
of the malaria parasite and in Lankesterella (Garnham et al., 196O5
Garnham and Bird, 1962). Evidently centrioles and basal bodies are
absent at those stages of development cycle in coccidia which precede
the formation of the microgametocyte.
Many investigators consider that the basal bodies of cilia and
flagella, as well as the centrioles of the animal, and plant cells, do
not arise ^ novo but are formed as a result of differentiation of
primarily existing centrioles. This is especially clearly shown on the
development of the spermatozoon tail piece.
Renaud and Swift (1964) report that the formation of flagella in
the microgametocyte of Eimeria is similar to the formation of flagella
in Allomyces in which the primary flagellar bud is formed around the
rudiment of flagellum which grows into the bud. This difference is
involved by the fact that in Allomyces the flagellum is formed inside
the gametangium and in coccidia on the surface of the microgametocyte.
The process of microgamete formation in coccidia is characterized
by the fact that the gametes are connected with the cytoplasm of the
gametocyte for a prolonged time, and this may be accounted for by the
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necessity of providing a considerable amount of structural and energetic
material for producing the long flagellum of the gamete. Possibly the
protein synthesis is secured by a considerable amount of RNA in the
cytoplasm of gametocyte while the energetic demand is fulfilled by gly¬
cogen stored in the gametocyte. The transformation of energy is
effected by the "big" mitochondrion which is present in the anterior
part of the microgamete (Cheissin, 1965). The mitochondria present in
the microgametocyte stage of Eimeria brunetti were large and small.
The macrogametocytes of E. brunetti are also found within the
parasitophorous vacuole in the lower part of the small intestine, but
unlike microgametocytes, the nuclei do not divide. The vacuole contains
small amounts of granular material, and is limited by a perforated
united membrane. The cytoplasm is granualr and includes large peri¬
pheral mitochondria with simple cristae, a well-developed endoplasmic
reticulum, and membrane bound vesicles. The typical darkly staining
ovoid bodies which are thought to contain polysaccharide material are
not evident in young macrogametocytes although small granules of com¬
parable electron density are scattered throughout the cytoplasm
(McLaren, 1969).
Sheffield and Hammond (1966) found evidence that the ovoid bodies
found in various stages of the life cycle of Eimeria should be called
glycogen granules because they are conposed of glycogen. This is
partially based on the fact that in unstained sections, these bodies
appear as clear areas whereas they become very dense after staining
with lead. This conforms with the high affinity of glycogen for lead
as reported by Revel (1964). Ryley, Manners, and Stark (1969) and
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McLaren (1969) suggested that these bodies should be called polysac¬
charide material. The former investigators also observed that there is
a rapid disappearance of granules during the first 24 hours after in¬
oculation of sporozoites into cultures and that this indicates that the
sporozoites rely heavily upon stored carbohydrates for the energy used
during early periods of intracellular exercise.
The youngest macrogametocytes are easily distinguished ftom
schizonts or microgametocytes by the presence of 'wall-forming' bodies
or membraneous bodies (Scholtyseck and Hammond, 1962; Scholtyseck et al.
1966). These authors also suggested that in four species of Eimeria,
E. stiedae, E. perforans, E. bovis, and E. auburnensis, these bodies are
developed inside large bladders of the endoplasmic reticulum. The
smallest 'wall-forming' bodies are coitposed of single spirals and appear
to be lying free in the gametocyte cytoplasm. McLaren (1969) found
evidence of as many as 25 dark bodies of different sizes and 16 'wall¬
forming' bodies present in any one section. The dark bodies are more
peripheral in arrangement and they lie free in the cytoplasm, whereas
'wall-forming' bodies lie within internal cavities of the endoplasmic
reticulum. Similar results were found in the gametocyte stages of
Eimeria brunetti. Each dark body is surrounded by an endoplasmic reticu
lum. The dark bodies and 'wall-forming' bodies are not seen after the
formation of oocysts. This indicates their substance is incorporated
into the oocyst wall (Scholtyseck et al., 1966; McLaren, 1969).
CHAPTER VI
SUMMARY AND CONCLUSIONS
This study of the ultrastructure of the merozoites and the micro-
and macrogametocytes of Rimeria brunetti has added support to the
details of the fine structure of the genus Eimeria as reported by other
investigators.
The merozoites were fusiform in shape and were found throughout
the small intestine. They were surrounded by a pellicle which con¬
sisted of an outer and an inner membrane. The anterior part contained
an anterior vesicle, conoid, paired organelle, and toxonemes. The
probable function of these structures observed has been suggested to
serve for penetration of the host cell membrane or to facilitate the
penetration of host by a corresponding stage of the life cycle. The
actual determination of function awaits further histochemical, cyto-
chemical, and physiological studies.
A rod-shaped body, termed a median-rod, was median to and parallel
with the necks of the paired organelle. The nucleus was located pos¬
teriorly and it contained osmiophilic agglomerations or chromatin.
Protein bodies, mitochondria with tubular cristae, and a small opening
located near the middle of the merozoite, and termed a micropyle, were
also in the cytoplasm of the merozoites.
The microgametocytes and macrogametocytes were located within
parasitophorous vacuoles in the lower part of the small intestine.
The microgametocytes were larger than the macrogametocytes and
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they contained flagellar conponents, longitudinal and cross-sections
of flagella, rough endoplasmic reticulum, ribosomes, mitochondria, and
osmiophilic agglomerations were scattered in the nuclei. Numerous
vesicles were found in the membrane of the microgametocytes.
Whether the flagellar components of the microgametes arose ^ novo
or whether they had some structural predecessors in preceding stages
still remain unsolved.
The macrogametocytes contained dark bodies, 'wall-forming' bodies,
and ovoid bodies. The ovoid bodies are called glycogen granules by
some investigators and polysaccharide granules by others. Each dark
body was surrounded by a rough endoplasmic reticulum. This did not
occur in every stage of the macrogametocytes. The 'wall-forming'
bodies were composed of simple spiral and they appeared to be located
within internal cavities possibly derived from the endoplasmic reticu¬
lum. The dark bodies were concentrated near the periphery of the mem¬
brane of the gametocytes. It was postulated that since neither dark
bodies nor 'wall-forming' bodies were observed after the formation of
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